Fifteen surface sandstone samples of Late Cretaceous age were compiled from Wadi Kareem area in Eastern Desert, Egypt. Samples were subjected to permeability and porosity measurements to show their distributions and possibility of separating them into different hydraulic flow units. It is known that hydraulic flow unit is a volume of rock within a reservoir that has petrophysical and lithological attributes that affect flow properties and differ from those of surrounding units. It was found out that the normal application of Amaefuleʼs hydraulic flow unit approach using the relation of normalized porosity index (ϕ Z ) versus reservoir quality index (RQI) and FZI values at (ϕ Z ) = 1 leads to deviation of predicted permeability from the measured one in case of scattered data of (ϕ Z -RQI) relation having a unit slope trend line. In the present study, the additional new processing leads to close matching between the measured and predicted permeability, hence reservoir description improvement. This is simply done through differentiation of all samples that lie on the unit slope trend line and those lie scattered on both sides of it, into three sub-flow units regardless their slopes and the use of (FZI) arithmetic average for each sub-unit instead of that at (ϕ Z ) = 1. Permeability prediction has been improved after applying the new additional processing. Capillary pressure-derived parameters for some selected samples as micropores, mesopores, and macropores, used to support the new concept .
Introduction
The Nubian Sandstone is applied to depict the terrigenous clastic sandstone sequence that overlies on the Precambrian rocks and underlies the Quseir variegated marine shale Formation of the Late Cretaceous age. Youssef (1957) stated that the Nubian Sandstone has been deposited under similar conditions and its age should be restricted to the Campanian; Said (1962) mentioned that the age of the Nubian Sandstone in Eastern Desert is generally thought to be of Late Cretaceous; and Soliman (1971) stated that all Nubian Sandstone ranges in age from Cambrian to Late Cretaceous and possess similar lithic characters. The Nubian Sandstone subjected to intensive studies by many authors, e.g., McKee (1962) , Klitzsch et al. (1979) , Ward (1979) , Hassouba et al. (1988) , EI Barkooky (1992) , Darwish and EI Araby (1994), Ragab (1994) , Alsharhan and Salah (1995) , and Abu Hashish (2004) . The Nubian Sandstone has great economic importance due to its hydrocarbon potentialities and groundwater aquifers. Figure 1 displays the location of the studied section (25°53′-25°55′N and 33°22′-33°25′E).
The generalized stratigraphic column of the Nubian Sandstone sequence in Wadi Kareem, (Abu Hashish 2004) , shows that the outcrops are massive sandstone beds overlying the basement rocks and are described as cross-bedded sandstone interbedded occasionally with shaly and silty sandstone (Fig. 2) .
The Nubianʼs results of porosity and permeability were processed according to Amaefule et al. (1993) to predict permeability, where a log-log plot of normalized porosity index (ϕ Z ) versus reservoir quality index (RQI) yield a unit slop trend line, and the intercept value of this line at (ϕ Z ) = 1 is called flow zone indicator (FZI), which is a characteristic parameter for each type of hydraulic flow unit that expresses specific geological and petrophysical attributes. The previous parameters are calculated using the following equations:
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where RQI is reservoir quality index, (μm), K permeability, mD, ϕ effective porosity, fraction, ϕ Z normalized porosity, and FZI flow zone indicator.
In case of ideal (ϕ Z -RQI) relation for a given hydraulic flow unit, all samples would be lie on or very close from the unit slope trend line, and then no scattering could be seen and FZI value that results from the intercept of the trend line at (ϕ Z ) = 1, equals or nearly equals FZI arithmetic average of these samples (Eq. 3), and predicted permeability equals or is very close to measured one (actual), and hence the difference between them is the lowest. On the other hand, if all or majority of samples are scattered around the unit slope trend line, then (FZI) value from the intercept differs greatly from (FZI) arithmetic average of these sample, and predicted permeability is far from measured one, and the error between them is great. So the main idea of this work is to use (FZI) arithmetic average to improve the permeability prediction using hydraulic flow unit approach for the scattered samples around unit slope line of (ϕ Z -RQI) relation. Improvement is done through the new additional processing of Amaefuleʼs approach by differentiation or redistribution of scattered samples of unit slop trend line of (ϕ Z -RQI) relation into three sub-flow units as follows:
1. Unit includes the scattered samples that lie above the trend line. 2. Unit for samples which lie directly on or very close from the trend line. 3. Unit encompasses the scattered samples that lie beneath the trend line.
The width or limits of the central unit (unit #2) depend on how much the error or difference is reasonable or accepted between predicted permeability and measured (actual) one. For instance, if it is enough to get a predicted permeability represents 95% from the measured (actual) one, then the unit will cover all samples having this percent or more hence borders of this unit would be very close from the trend line. So the new simple idea is the use of (FZI) arithmetic average of each sub-flow unit instead of that produced from the intercept of the main trend line at (ϕ Z ) = 1, to overcome the high difference between measured and predicted permeability using Eq. (4). Some of capillary pressure-derived parameters such as macropores, mesopores, and micropores were used to show petrophysical characters of the different sub-flow units. According to Amaefule et al. (1993) , pores could be classified based on throat radii into, macropore whose throat size is more than 1.5 μm, mesopore whose throat size lies between 1.5 and 0.5 μm and micropore whose throat size is less than 0.5 μm. Concerning micropores, they affect prtrophysical relations and defined as pores are less than one micron in diameter at least in one direction, Pittman (1971) , or pores whose dimensions are smaller than those contributing to the rock's permeability according to Swanson (1985) . Here pore sizes less than 0.5 μm are used as a limit for microporosity values. The present study aims to improve the permeability prediction in uncored wells, using hydraulic flow unit approach but with new additional processing for the measured data.
Techniques and materials
All the measurements were carried out in EPRI-Core Analysis Lab. that belongs to Egyptian Petroleum Research Institute, where the studied samples were drilled into small cylinders of 2.54 cm in diameter and about 3 cm long for petrophysical measurements. These cylinders were cleaned and then dried using a drying oven. Porosity data were measured using matrix-cup helium porosimeter for grain volume evaluation and DEB-200 instrument that follows Archimedes law for bulk volume determination. Permeability measurements were done using steady-state air permeameter. Also, capillary pressure for some selected samples was done using mercury injection apparatus, where a clean and dry sample was loaded into a glass pentrometer consisting of a sample chamber attached to a cylindrical coaxial capacitor capillary stem. The sample and pentrometer assembly were loaded into the mercury injection instrument. The assembly was initially filled with mercury under a vacuum. Mercury is forced into the sample at low pressure, about 2.0 psia which is maintained until the equilibrium status is reached. The process was repeated through a range of pressures up to a maximum pressure of 30,000 psia. The volume of mercury injected at each pressure was determined by the change in capacitance in the capillary stem. The percent of unsaturated pore volume was determined as the percentage of pore spaces volume not filled with mercury.
Results and discussion
Porosity-permeability relation illustrates a high correlation coefficient (R 2 = 0.80), as seen (Fig. 3 ), but at the same time, we can easily detect the data scattering around the trend line. The scattering means presence of different pore systems and of course leads to the deviation of the predicted permeability from the measured (actual) one, if we handle all samples as a one group through this relation. Table 1 displays the measured values of porosity and permeability.
So it was necessary to classify the samples into zones to reduce the data scattering and improve the permeability prediction, and this was done through plotting ϕ Z versus RQI (Fig. 4) , according to the approach of Amaefule et al. (1993) , and hence we have three hydraulic flow units through three parallel unit slope trend lines, but the problem is deviation of predicted permeability using Eq. (4) than the measured one (actual) as seen in Table 2 , and of course this is due to the data scattering around the trend lines for some flow units, especially units (1) and (3).
Predicted permeability was calculated using the following equation (Amaefule et al. 1993): where K permeability, mD, FZI flow zone indicator, ϕ e effective porosity, fraction.
Generally, it was found out that the predicted permeability differs greatly (Table 2 ) than the measured (actual) one using Amaefule's approach. Errors were calculated as follows: Predicted permeability for all samples were improved to great extent (Table 2) using the new processing, except two samples (10 and 12) whose errors slightly increase. The predicted permeability of unit-2 samples nearly did not suffer any significant change due to slight scattering of the samples that belong to this unit. Sample distribution using the new processing into sub-flow units is illustrated (Fig. 5) .
The previous figure clarifies the following:
(a) Unit (1) using Amaefule approach (green) divided into three sub-flow units: 1-A, 1-B and 1-C.
(5)
(b) Unit (2), central one (blue) remained nearly as it is because the data scattering is nearly absent. (c) Unit (3) using Amaefule approach (pink) divided into three sub-flow units: 3-A, 3-B and 3-C.
Figures 6 and 7 display a comparison between the measured permeability versus the predicted one using Amaefule approach only and using the new additional processing successively. Table 3 displays another comparison between average values of porosity, permeability, FZI of original flow units using Amaefuleʼs approach and those for the new related sub-flow units using the new processing of the studied samples.
It is noticed that (Table 3 ) the arithmetic averages of (FZI) values for sub-flow unit samples that lie on the unit slope trend line using Amaefuleʼs approach are very close to (FZI) values at (ϕ Z ) = 1, (units 1-B and 3-B), so they have the lowest error percent in predicted permeability using Amaefuleʼs approach, and the reverse is right for rest of the samples. Table 4 displays the average values of some of capillary pressure-derived parameters for some selected samples that represent the sub-flow units. The capillary pressure data (Table 4) according to Amaefule et al. (1993) show that for all sub-flow units within the original ones (units 1 & 3), micropores percent are greater for the rear part of original flow unit (samples having the lower values of ϕ Z and RQI, of course this is at the expense of the larger pores and this leads to tighter permeability but this property become reversed where macropores percent become prevailing for front part of original flow unit (samples having the higher values of ϕ Z & RQI), so permeability improves. Decreasing in microporosity with increase in the normalized porosity may be irregular, that is it may be less or more than the required ratio that make data points lie on the trend line, consequently affect (RQI) and permeability values and leads to data scattering above and beneath a unit slope trend lines as units (1-A, 1-C) and (3-A, 3-C). Behavior of mesopores type matches with that of micropores but less obvious. I think it would be beneficial to determine the different sub-flow units (using the current new additional processing) within a cored productive well then trying to extend this method to an uncored adjacent well that has same facies distribution like the cored well and within the same reservoir. The extending of the different sub-flow units of a cored well at specific depths to adjacent uncored well perhaps makes it possible to predict permeability at same depths using porosity logs. Also, the full understanding of the geologic history and diagenetic processes that affected the facies will be helpful for tracing the hydraulic flow units of interest within a reservoir.
Conclusion
Fifteen surface sandstone samples of Late Cretaceous age were compiled from Wadi Kareem area in Eastern Desert, Egypt. The studied samples subjected to permeability and porosity measurements and differentiated into different hydraulic flow units. The improvement of permeability prediction for a hydraulic flow unit could be achieved through a new additional processing for Amaefule's approach. For non-scattered samples, it is found that (FZI) value of a unit slope trend line at (ϕ Z ) = 1 equals or nearly equals the (FZI) arithmetic average of those samples to a great extent, so FZI that produced at (ϕ Z ) = 1 is recommended for non or very low scattered samples of (ϕ Z -RQI) relation for permeability prediction. Concerning scattered samples (FZI) of a unit slope trend line at (ϕ Z ) = 1 differ greatly from the (FZI) arithmetic average of those samples. Partitioning the scattered samples of a unit slope trend line into sub-flow units leads to permeability 
